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This study prospectively defined the range of left ven•
tricular mass and v(jlume/mass ratio determined by two•
dimensional echocardlography in 84 normal adults. A 
mOdified Simpson's rule algorithm was used to calculate 
ventricular volumes from orthogonal two and four 
chamber apical views. An algorithm based on a model 
of the left ventricle as a truncated ellipsoid was used to 
calculate ventricular mass. Like left ventricular vol•
umes, left ventricular mass values were larger in normal 
men than in women (mean 148 versus 108 g, P < 0.001) 
and remained larger after correction for body surface 
Postmortem heart weights have long been used to distinguish 
normal from morbid cardiac conditions. The normal mean 
left ventricular weight is 155 g in men and 115 g in women 
(I). Pathologists diagnose left ventricular hypertrophy at 
weights of more than 220 g (2). Postmortem studies (3) of 
hypertrophic hearts show a direct relation between the left 
ventricular volume/mass ratio and the degree of congestive 
heart failure observed before death. The terms "concentric" 
and "eccentric" hypertrophy only qualitatively describe this 
important relation between ventricular volume and mass. A 
noninvasive, accurate method for quantifying left ventric•
ular mass and volume would distinguish normal from hy•
pertrophied hearts and provide the clinician with serial mea•
surements of cardiac hypertrophy and dilation. 
The accuracy of two-dimensional echocardiographic 
measurements of left ventricular mass has been established 
experimentally (4-6) and by comparison with postmortem 
weights in humans (7,8). Left ventricular volume measure-
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area. Volume/mass ratios, however, were constant at 
end-diastole (0.80) and end-systole (0.26). The influence 
of age and heart rate on all variables in this normal 
group was minimal, and no correction for these variables 
was necessary. The definition of normal mass, volume 
and volume/mass ratios by two-dimensional echocardi•
ography will facilitate the noninvasive, quantitative di•
agnosis of left ventricular hypertrophy and help clarify 
the relation between hypertrophy and systolic wall stress. 
(J Am Coil CardioI198S;6:1021-S) 
ments obtained by two-dimensional echocardiography cor•
relate well with volumes determined by fluoroscopy of myo•
cardial markers (9) as well as by angiographic, radionuc1ide 
and pathologic methods (10-12). The clinical use of quan•
titative echocardiography requires that normal echocardio•
graphic values for left ventricular mass, volume and vol•
ume/mass ratio be determined. We have previously reported 
(13) the normal range for echocardiographic left ventricular 
volumes; this study defines the normal values for left ven•
tricular mass and volume/mass ratio. 
Methods 
Study group. This study group consisted of 84 seden•
tary adult volunteers chosen randomly and prospectively 
from hospital employees. All subjects were free of any 
history of cardiovascular disease, were normotensive and 
had a normal electrocardiogram. There were 44 men and 
40 women, aged 20 to 66 years (mean 36 ± 10). Five 
additional volunteers were excluded because of technically 
inadequate echocardiograms. 
Equipment. All two-dimensional echocardiograms were 
performed with 2.25 MHz phased-array sector scanners 
(V3000 or V3400, Diasonics). Real-time images at 30 frames/s 
were recorded on 0.5 inch 0.27 em) videotape with si•
multaneous electrocardiogram and phonocardiogram. Paral•
lax-free measurements were subsequently made by using a 
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commercial microprocessor-controlled light-pen computa•
tional system (Varian AssociateslDiasonics). 
Measurements. Because serial short-axis views of the 
human heart from base to apex cannot be obtained by echo•
cardiography, ventricular volume and length must be mea•
sured from the apical views. Myocardial area for mass es•
timation is measured from the parasternal short-axis view 
since sharp definition of epicardial as well as endocardial 
borders is required. Different geometric models are thus 
required for calculation of left ventricular volume and mass 
by two-dimensional echocardiography. 
Left ventricular volumes. We have previously described 
(13) the method of left ventricular volume calculation in 
detail. In brief, end-diastolic cavity areas were outlined with 
the light-pen from frames beginning at the peak of the R 
wave in orthogonal apical two and four chamber views. 
End-systolic areas in the same views were measured from 
frames beginning at the second heart sound. These ortho•
gonal areas were substituted by the light-pen computer into 
the modified Simpson's rule formula to calculate left ven•
tricular volume (13). Volumes from three different cycles 
were calculated and averaged. Observed variation between 
measurements was less than 10%. Intraobserver variation 
in our left ventricular volume determinations has been shown 
to be less than 7%; interobserver variation among three 
observers was less than 10% (14). 
Left ventricular mass. Two echocardiographic views were 
required for left ventricular mass measurement: a parasternal 
short-axis view at the papillary muscle tips and the apical 
two or four chamber view that maximized the distance from 
apex to midmitral anulus. Measurements were taken from 
three different cycles at the P wave onset and averaged for 
each calculation. In a previous study (4) validating this 
method of mass assessment, we showed that mass mea•
surements were independent of the cardiac cycle phase. 
Intraobserver variation for those mass measurements was 
9% (r = 0.98) and interobserver variation was 12 % (r = 
0.95). 
The algorithm used for calculation of le}i ventricular 
mass has been validated in human (7) as well as in canine 
studies (4). It is derived by integration from the formula for 
a truncated ellipsoid. Figure I schematically represents the 
left ventricle as a truncated ellipsoid and shows the mea•
surements needed to solve the mass equation. A desktop 
card-programmable calculator (model TI-59, Texas Instru•
ments) was used to calculate mass from these measurements 
(4). 
Statistical analysis. We calculated the range, mean and 
standard deviation of left ventricular mass, end-diastolic and 
enc\-systolic volumes and enc\-diastolic and end-systolic vol•
ume/mass ratios for all 84 volunteers. After correction for 
body surface area, we repeated the calculations using left 
ventricular mass and volume indexes. All values for male 
and female subgroups were compared using Student's Un-
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Figure 1. Above, Schematic representation of the left ventricle 
as a truncated ellipsoid. Semiminor axes (b) are measured in the 
short- and long-axis views, then averaged. Placement of the minor 
diameter at the papillary muscle tips determines the lengths of the 
semi major axis (a) and the truncated semimajor axis (d) in the 
apical view. Below, Average wall thicknes's (t) equals the differ•
ence between the radii of epicardial (AI) and endocardial (A2) 
areas. assuming that each short axis is circular at the papillary 
muscle tips. 
paired t test. We examined the influence of body surface 
area, age and heart rate on each measurement by multiple 
stepwise linear regression analysis. 
Results 
The ages of the 44 male (mean 35 ± 10 years, range 
20 to 66) and 40 female (36 ± 9 years, range 23 to 58) 
volunteers were not significantly different. Mean body sur•
face area of the men (I .9 ± 0.1 m2) was greater than that 
of the women (1.6 ± 0.2 m2 , p < 0.001). Heart rate was 
greater among the women (70 ± 10) than among the men 
(63 ± 11, P < 0.001). There was no diffference in systolic 
blood pressure between men (118 ± 5 mm Hg) and women 
(110 ± 20 mm Hg). 
Ventricular mass (Table 1). The mean left ventricular 
mass determined by two-dimensional echocardiography in 
these 84 sedentary adult men and women was 148 g for 
men and 108 g for women (p < 0.0001). Correction for 
body surface area resulted in a mean mass index of 76 g/m2 
for men and 66 g/m2 for women (p < 0.005). 
Ventricular volumes (Table 2). Mean left ventricular 
end-diastolic volume, obtained with the modified Simpson's 
rule formula, was 111 ml for men and 85 ml for women 
(p < 0.0001). Correction for body surface area yielded a 
mean end-diastolic volume index of 58 mllm2 for men and 
52 mllm2 for women (p < 0.01). There was no significant 
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Table J. Left Ventricular Mass in 84 Normal Men and Women 
Range Mean ± SO 
Overall (n = 84) 
LV mass (g) 76 to 210 130 ± 31 
LV mass index (g/m') 44 to III 72± IJ 
Men (n = 44) 
LV mass (g) 80 to 210 148 ± 26* 
L V mass index (g/m') 44 to III 76 ± 13'1 
Women (n = 40) 
LV mass (g) 76 to 144 lOX ± 21 * 
L V mass index (g/m') 49 to 90 66 ± 11'1 
*p < 0.0001; tp < 0.005. LV = left ventricular. 
difference between the mean end-systolic volume for men 
(34 m!) and for women (30 ml, p < 0.05). Correction for 
body surface area resulted in a mean end-systolic volume 
index that was equal (18 mllm2) in men and women. 
Volume/mass ratio. Table 2 also shows the mean end•
diastolic and end-systolic volume/mass ratios calculated for 
each group. The mean end-diastolic ratio was O.tW for both 
men and women; the mean end-systolic ratio was 0.24 for 
men and 0.28 for women. As ratios, these values were 
unchanged by correction of volume and mass measurements 
for body surface area. There was no significant statistical 
difference (p < 0.(5) between the volume/mass ratios of 
men and women at end-diastole or end-systole. 
Influence of body size, age and heart rate. Multiple 
stepwise linear regression analysis of male and female 
subgroups showed a minimal positive relation between body 
surface area and left ventricular mass in women only (p < 
0.05, r = 0.39). Body surface area slightly influenced end•
diastolic left ventricular volume in both men (p < 0.01, 
r = 0.35) and women (p < 0.005, r = 0.45), but had no 
influence at end-systole. Age minimally influenced left ven•
tricular mass among men (p < 0.01, r = 0.38) but not 
among women. Age had no influence on left ventricular 
volumes. Heart rate in men showed a minimal positive re•
lation to left ventricular mass (p < 0.05, r = 0.30), end•
diastolic volume (p < 0.05, r = 0.33) and end-systolic 
volume (p < 0.005, r = 0.40). There was no correlation 
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among women between heart rate and left ventricular mass 
or volumes. No significant influence of age or heart rate on 
left ventricular volume/mass ratios was found. 
Discussion 
Normal mass and volume/mass ratio. This study de•
fines normal adult values for left ventricular mass and vol•
ume/mass ratios determined by two-dimensional echocardi•
ography (Tables I and 2). We use the volume/mass ratio 
rather than its inverse because it properly expresses the 
relation of ventricular volume to mass in determining wall 
stress. Normal values for left ventricular mass must be grouped 
according to sex, because the difference between men and 
women was not entirely resolved by correction for body 
surface area. The slight positive correlation between body 
surface area and left ventricular mass is in accordance with 
autopsy studies ( I ) showing only a statistically insignificant 
tendency for height and weight to influence cardiac muscle 
mass. Similarly, sex strongly influenced left ventricular end•
diastolic volume in these 84 normal subjects, even after 
correction for the weak influence of body surface area. Cor•
rection of mass and volume values for body surface area 
appears useful only in very large- or small-sized patients. 
However, left ventricular volume/mass ratios at end-dia•
stolic and end-systole are constant in a normal group, need•
ing no correction for sex or body surface area. 
As predicted from previous studies (1,15), age showed 
little influence on left ventricular mass or volume. The min•
imal influence of heart rate in this study is probably due to 
the narrow range of heart rates in our normal group, since 
an inverse relation has been shown (16) between heart rate 
and left ventricular volume during atrial pacing. Although 
correction for age appears unnecessary, the 2 to 4% decrease 
in left ventricular volume as heart rate increases by 10 
beats/min may be important when heart rates are well outside 
our normal range. 
Similarity of normal values at echocardiography and 
at autopsy. Mean left ventricular mass at autopsy is 155 
g in normal men and 115 g in women (I). Although our 
Table 2. Left Ventricular Volume and Volume/Mass Ratio in 84 Normal Men and Women 
Men (n = 44) Women (n = 40) Overall (n = 84) 
Range Mean ± SO Range Mean ± SO Range Mean ± SO 
End-diastolic 
Volume (m!) 62 to 171 III ± 22* 54 to 101 85 ± 18* 54 to 171 99 ± 24 
Volume index (mllm2) 35 to 82 58 ± lOt 39 to 72 52 ± lOt 35 to 82 55 ± 10 
Volume/mass ratio (mllg) 0.49 to 1.17 0.80 ± 0.15 0.62 to 1.21 0.80±0.17 0.49 to 1.21 0.80 ± 15 
End-systolic 
Volume (ml) 14 to 76 34 ± II 13 to 60 30 ± 13 13 to 76 32 ± II 
Volume index (ml/m') 8 to 37 IX ± 5 8 to 3X IX ± 8 8 to 38 18 ± 6 
Volume/mass ratio (mllg) 0.12 to 0.46 0.24 ± 0.08 0.15 to 0.46 0.28 ± 0.09 0.12 to 0.46 0.26 ± 0.09 
*p < 0.0001; tp < 0.01. 
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algorithm has been validated in canine and human studies 
(4,7), the accuracy of two-dimensional echocardiographic 
measurement of left ventricular mass is supported by the 
similarity of these normal autopsy weights and our normal 
values: 148 ± 26 g in men and 108 ± 21 g in women. 
Our slightly lower mean normal values may reflect the lower 
mean age of our study group (36 years) relative to the 
autopsy group (59 years), since there is a tendency for mass 
to increase with age. Our echocardiographic volume/mass 
ratios of 0.80 at end-diastole and 0.26 at end-systole are 
very similar to the ratios found in angiographic studies of 
normal subjects (17-19). 
Advantages of two-dimensional echocardiography in 
mass measurement. Accurate mass measurement by a 
noninvasive method will be very useful in the diagnosis and 
follow-up of patients with left ventricular hypertrophy. Al•
though the Romhilt-Estes criteria (20) provide more than 
85% specificity when fulfilled, electrocardiography is non•
quantitative and insensitive to mild to moderate left ven•
tricular hypertrophy (21,22). Angiographic mass measure•
ments require an invasive procedure, although they correlated 
well with autopsy weights in one study (23). 
Estimates of left ventricular mass by M-mode echocardi•
ography correlated well with autopsy weights in one study 
(24) of hearts without geometric distortions; however, actual 
M-mode values overestimate autopsy weights and must be 
corrected by a regression equation (24). M-mode echocardi•
ography employs a cube method mass formula that assumes 
that left ventricular length equals twice left ventricular di•
ameter at the papillary muscle level. Wyatt et al. (5) showed 
that mathematic models of left ventricular mass that do not 
measure length directly are less accurate than those utilizing 
direct length measurement. In addition, mass models em•
ploying direct measurements of short-axis myocardial area 
are more accurate than those employed by M-mode echo•
cardiography and angiography in which only diameters are 
measured (5). In a clinical study of terminally ill patients, 
Reichek et al. (8) confirmed that two-dimensional echo•
cardiography is superior to M-mode echocardiography for 
the assessment of left ventricular mass. Although this find•
ing might be expected in hearts with distorted left ventricular 
architecture, the work of Wyatt et al. (5) suggests that two•
dimensional echocardiography should also prove superior 
in normal ventricles. 
Our mathematic model of left ventricular mass requires 
a programmable calculator, but it gives the operator freedom 
to place the minor axis at the papillary muscle tip level•
a more basal position than in the Wyatt model. Predeter•
mined positioning of the minor axis at the midpoint of the 
major axis does not reflect normal left ventricular geometry 
and introduces a potential error into the Wyatt model. Like 
the normal volume measurements, left ventricular mass 
measurements by our method were reproducible, with less 
than 10% variation among measurements. The 95th per-
JACC Vol. 6. No.5 
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centile values for left ventricular mass, 200 g in men and 
150 g in women, provide a reliable reference point for the 
diagnosis of left ventricular hypertrophy. These threshold 
values are very similar to those derived from autopsy studies 
(1,2). 
Quantitation of hypertrophy with the volume/mass 
ratio. Once diagnosed, left ventricular hypertrophy has 
previously been described qualitatively as "concentric" or 
"eccentric." The volume/mass ratio calculated from two•
dimensional echocardiography provides a more precise, 
quantitative description of left ventricular geometry. Be•
cause end-systolic volume is highly dependent on the left 
ventricular contractile state, the end-diastolic volume/mass 
ratio is a more reliable measure of hypertrophy. Comparison 
of the normal angiographic end-diastolic volume/mass ratio 
of 0.83 (17) with our normal echocardiographic ratio of 
0.80 supports the accuracy of our quantitative analysis. 
In concentric hypertrophy, mass is increased relative to 
chamber volume. When expressed quantitatively as a de•
crease in volume/mass ratio, concentric hypertrophy in pa•
tients with chronic pressure overload is easily understood 
according to Laplace's law as a response normalizing sys•
tolic wall stress (25). In other patients without pressure 
overload, the development of marked hypertrophy, possibly 
in response to adrenergic stimuli, leads to inappropriately 
low wall stress (26,27). In all but the smallest hypertrophic 
ventricles, left ventricular mass measured by two-dimen•
sional echocardiography will be increased to more than 200 
g (102 g/m2) in men and to more than 150 g (88 g/m2) in 
women. In small hearts with ventricular volumes that are 
below normal, a low end-diastolic volume/mass ratio may 
indicate hypertrophy even though mass remains within the 
upper normal range (28). A volume/mass ratio below our 
fifth percentile value of 0.50 mllg suggests concentric left 
ventricular hypertrophy in even the smallest ventricles (in 
the absence of markedly reduced filling caused by hypo•
volemia, mitral stenosis or pericardial disease). 
In eccentric hypertrophy, ventricular volume is increased 
along with mass, in response to either chronic volume over•
load or a deteriorating contractile state (3,25). In patients 
with increased left ventricular mass, an end-diastolic vol•
ume/mass ratio greater than 0.80 ml/g represents progres•
sively more eccentric states of hypertrophy, is generally 
associated with increasing wall stress and suggests deteri•
orating systolic function when markedly increased (17). 
Conclusions. M-mode echocardiography has provided 
a simple thickness/radius ratio, relative wall thickness, to 
describe left ventricular geometry (29). As with M-mode 
estimates of mass and volume, however, relative wall thick•
ness is derived from a limited sampling area and may be 
misleading if measurement inaccuracies or variations in ven•
tricular geometry occur. Two-dimensional short-axis area 
measurements of relative wall thickness (28) reduce, but do 
not eliminate, the possibilities for error in hearts with asym-
lACC Vol. 6, No.5 
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metric septal hypertrophy or myocardial infarction. Multi•
planar echocardiography calculates left ventricular geometry 
more completely than do single-plane methods, approxi•
mating an average relative wall thickness for the entire ven•
tricle in which all regional wall thicknesses contribute to 
mass and all chamber radii determine volume (18). Com•
puter -assisted measurement of two-dimensional echocardio•
graphic images has made multi planar quantitation of left 
ventricular mass (4,7,8) and volume (9,10,14) more ac•
curate and rapid. Definition of normal values for left ven•
tricular mass, volume and volume/mass ratio by two-di•
mensional echocardiography provides the basis for quantitative 
distinction of normal from hypertrophic hearts and subse•
quent detailed assessment of the hypertrophic process. 
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